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(54) Polyelectrolytic fuel cell with combustion catalyst in the oxidizing gas passages 



(57) A polyelectrolytic fuel cell (40) wherein a reac- 
tion catalysis layer and a gas dispersion layer are 
stacked successively on both sides of a polyelectrolytic 
film (42), a plurality of unit cells which has an oxidizing 
gas passage (52) and a fuel gas passage (47) formed 
on both sides of this polyelectrolytic film are stacked, 
said oxidizing gas passage being connected with a sup- 
ply manifold for oxidizing gas and a discharge manifold 



for oxidizing gas and said fuel gas passage being con- 
nected with a supply manifold for fuel gas and a dis- 
charge manifold for fuel gas, comprising a combustion 
catalysis (55) provided at least in one of an inner surface 
of the oxidizing gas passage, a surface of said gas dis- 
persion layer along the oxidizing gas passage (52), an 
inside of said supply manifold (53) for the oxidizing gas 
and an inside of said discharge manifold (54) for the ox- 
idizing gas. 
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Description 

Background of the Invention 

Field of the Invention 5 

[0001] This invention relates to a polyelectrolytic fuel 
cell capable of generating power by causing fuel gas re- 
act to oxidizing gas by means of a polyelectrolytic film. 

10 

Related Art 

[0002] Polyelectrolytic fuel cells use cation exchange 
resin films as their electrolyte. This cation exchange res- 
in films contain a proton (hydrogen ion) exchange base is 
in its molecules, and is conductive. Their hydration to a 
quasi saturation level results in a relative resistance of 
20ft • cm or less at normal temperature enabling them 
to function as an conductive electrolyte. 
[0003] The saturated water contents of said polyelec- 20 
trolytic film changes reversibly depending on tempera- 
ture. In order to prevent the desiccation of said polye- 
lectrolytic film, fuel gas and oxidizing gas are moistur- 
ized before they are supplied. Some moisture contained 
in said fuel gas and oxidizing gas sometimes condenses 25 
to form drops in the passage of gas. During the normal 
operation of the fuel cell, drops as well as water formed 
by electrochemical reactions on the side of the oxygen 
electrode are discharged outside. However, when the 
quantity of water formed on the side of the oxygen elec- 30 
trode exceeds that of water carried away by the oxidiz- 
ing gas, it remains in the passage of the oxidizing gas 
in the form of drops and any drops remaining on the ox- 
ygen electrode result in so-called "flooding." 
[0004] This flooding is a state of drops remaining on 35 
the surface (in particular a dispersion layer) of elec- 
trodes obstructing the dispersion of gas onto the surface 
of electrodes. In case of a light flooding where the water 
contents are relatively small, proportionately to a de- 
crease in the surface of electrodes caused by water re- 40 
maining thereon, output voltage decreases. However, it 
is highly possible that air passing through the passage 
of oxidizing gas carries away moisture and eliminate any 
flooding thereby and thus output voltage recovers nat- 
urally. When a large amount of drops remain on the sur- *s 
face of electrodes or there develops a flooding every 
time water remains in the passage of oxidizing gas, the 
surface of electrodes open for gas is substantially re- 
duced. Thus, flooded cells obstruct the supply of oxidiz- 
ing gas to the oxygen electrodes causing a sharp drop so 
in their voltage, which in turn reduces the output of the 
whole cells to an insufficient level. 
[0005] Furthermore, in an advanced stage of flooding, 
not only the supply of oxidizing gas to the oxygen elec- 
trodes is impeded causing a drop in voltage, a drop in ss 
the amount of oxygen reaching the oxygen electrodes 
causes protons (H + ) having passed through a polyelec- 
trolytic film not to react with oxygen on the side of the 



oxygen electrode and to recombine with electrons (e-) 
to return to its original form of hydrogen gas (H 2 ). As a 
result, the mass of hydrogen gas increases rapidly and 
this hydrogen gas mixes with oxidizing gas flowing 
through the passage of oxidizing gas. Thus, the concen- 
tration of hydrogen gas resulting from this mixture in- 
creases to a highly inflammable level leading to a deto- 
nation. The gas mixture sometimes comes into contact 
with a reaction catalysis layer formed on the surface of 
the oxygen electrode and ignites to burn intensely. 
[0006] The mechanism of inflammation in this fuel cell 
is described below by referring to Figs. 12 through 14. 
Fig. 12 is a drawing illustrating the mechanism of mixing 
hydrogen gas on the cathode side, while Fig. 1 3 is a 
cross section of a conventional fuel cell in which a plu- 
rality of unit cells standing upright are stacked horizon- 
tally. Fig. 1 4 is a process flow chart starting with the gen- 
eration of hydrogen gas to inflammation. 
[0007] As shown in Figs. 1 2 and 1 3, a unit cell la of a 
polyelectrolytic fuel cell 1 comprises an anode 3 com- 
prising a reaction catalysis layer 3a and a gas dispersion 
layer 3b on the left side of an electrolytic film 2 and a 
cathode 4 comprising a reaction catalysis layer 4a and 
a gas dispersion layer 4b on the right side of said film 2. 
On the outside of said anode 3, a carbon current collec- 
tor 5 concurrently serving as a gas separator is provid- 
ed, and on the side of this carbon current collector 5 
opposite to said gas dispersion layer 3b, a plurality of 
parallel fuel gas passages 5a are formed and in each 
fuel gas passage 5a a fuel gas, i.e. hydrogen gas circu- 
lates. On the outside of said cathode 4, a carbon current 
collector 6 concurrently serving as a gas separator is 
provided, and on the side of this carbon current collector 
6 opposite to said gas dispersion layer 4b, a plurality of 
parallel oxidizing gas passages 6a (in the drawing only 
the forefront passage 6a is illustrated) are formed. 
[0008] When this fuel cell 1 is operated, as the oxidiz- 
ing gas passages 6a on the cathode 4 side are supplied 
with air containing oxygen (0 2 ), on the anode 3 side 
there occurs a reaction of 

H 2 = 2H + +2e* 
and on the cathode side there occurs a reaction of 

1/20 2 +2H + +2e* = H s O 

[0009] In other words, on the anode 3, hydrogen gas 
(H 2 ) flowing in the fuel gas passage 5a forms protons 
(2H + ) and electrons (2e-). Protons moves through the 
electrolytic film 2 which is an ion exchange film towards 
the cathode 4, and electrons passes through an external 
circuit (not illustrated) from a carbon current collector 5 
on the anode 3 side to move towards a carbon current 
collector 6 on the cathode side 4. 
[001 0] And on the cathode 4, oxygen contained in the 
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air flowing in the oxidizing gas passage 6a, protons hav- 
ing moved from the anode 3 into the electrolytic film 2 
and electrons having moved via external circuits react 
each other to form water (H 2 0). 
[0011] Therefore, water W thus formed in the oxidiz- 
ing gas passage 6a in each unit cell la of the layer-built 
fuel cell flows down under the pull of gravity and is dis- 
charged outside together with excess oxidizing gas from 
the discharge manifold 7 connected with the lower end 
of the oxidizing gas passage 6a of each unit cell la of 
the layer-built fuel cell. 

[0012] Since water thus in each unit cell la of the layer- 
built fuel cell flows down the oxidizing gas passages 6a 
to converge in the discharge manifold 7, on the outlet 
side of the discharge manifold 7 (right lower side on Fig. 
1 3) water W tend to increase to stagnate near the outlet. 
And when water W stagnate near the outlet of the dis- 
charge manifold 7, in a unit cell la in which the lower end 
of the oxidizing gas passage 6a is kept open for this 
stagnating water, discharge is not correctly done and 
this leads to the stagnation of water W in the oxidizing 
gas passage 6a. As a result the cathode 4 is inundated 
causing a flooding of the gas dispersion layer 4b and 
the reaction catalysis layer 4a and obstructing the dis- 
persion of oxygen gas to this reaction catalysis layer 4a. 
[0013] Therefore, in a unit cell la in which water W in 
the oxidizing gas passage 6a is smoothly discharged, 
oxygen gas is supplied to the cathode 4 in a sufficient 
amount. As a result, there occurs a reaction of 



1/20.+2H + + 2e": 



H 2 0 



and no hydrogen gas (H 2 ) is formed (see the upper half 
of the oxidizing gas passage 6a of Fig. 12) 
[0014] A continuous application of current in the state 
which the water W stagnates in the oxidizing gas pas- 
sage 6a leads to an insufficient supply of oxygen gas to 
the cathode 4, causing a drop in the voltage obtained 
from the whole fuel cell 1. At the same time, no reactions 
forming H 2 0 occurs in the unit cell la and proton (2H + ) 
having passed an electrolytic film 2 and electrons (2e-) 
are recombined. As a result, hydrogen gas (H 2 ) is 
formed in this oxidizing gas passage 6a. (See the lower 
half of the oxidizing gas passage 6a of Fig. 12). 
[001 5] And hydrogen gas (H 2 ) resulting from an insuf- 
ficient supply of oxygen due to inadequate discharge of 
water W rises in the oxidizing gas passage 6a of each 
unit cell la and gathers in the supply side of the manifold 
8 connected in a manner enabling the supply of oxidiz- 
ing gas to the top of oxidizing gas passage 6a of each 
unit cell la. It gathers particularly in large amount at the 
outlet side of the discharge manifold 7, near the farthest 
end downstream of the supply manifold 8 above the unit 
cells la to which the bottom of the oxidizing gas passag- 
es 6a are connected (the right top in Fig. 1 3). As a result, 
hydrogen gas stagnating in the supply manifold 8 grad- 
ually increases and when its concentration exceeds 4%, 



the reaction catalysis layer 4a of the cathode 4 serves 
as a source of ignition and hydrogen gas inflames there- 
by. 

[0016] Thus, the inflammation of hydrogen gas in the 
s passage of reaction gas in the fuel cell 1 raises the pres- 
sure in the passage and variations in the supply of re- 
action gas and other factors could result in an instability 
of voltage generated. In polyelectrolytic cells operated 
under normal temperature in particular, heat and rising 
io pressure resulting from inflammation could cause vari- 
ations in voltage generated and produce adverse effects 
on the seals and other parts of unit cells la of the fuel 
cell stack. 

[0017] Therefore, it is necessary to control any in- 
*s creases in the concentration of hydrogen gas so that it 
may not burn intensely, and for this reason it is neces- 
sary to dissolve flooding water at its initial stage and to 
contain as much as possible any progress towards a 
state of massive generation of hydrogen gas. 
20 [001 8] In a fuel cell in which hydrogen gas is used as 
a fuel gas as described above, the flooding of oxygen 
electrodes with water is a cause of increasing concen- 
trations of hydrogen gas in the passages of oxygen. 
Therefore, in the invention described in Japanese Pat- 
25 ent Application Laid Open No. 54-1 44934 the flow ve- 
locity of the reaction gas is intermittently to increase the 
pressure difference of the reaction gas in the reaction 
gas passage, and the drops remaining in the reaction 
gas passage are eliminated. The adoption of such a 
30 method enables to prevent the blocking of gas passages 
with drops, in other words flooding thereof, to prevent 
any increase in the concentration of hydrogen gas on 
the side of oxygen electrodes due to the blocking of pas- 
sages and thus to prevent possible inflammation, of hy- 
35 drogen gas. 

[0019] However, in the conventional fuel cell men- 
tioned above in which the flow of reaction gas is regu- 
larly increased to push out drops in the gas passages, 
even in cases where this is not required, the flow rate of 
*o reaction gas is increased. As a result, as the flow rate 
of reaction gas increases to create a sufficient difference 
of pressure for removing drops, the consumption of re- 
action gas increases, and following variations in the flow 
rate of reaction gas the output voltage of a fuel cell varies 
45 in a complex manner. Furthermore, in case of abrupt in- 
creases in the amount of water within a fuel cell, such 
water cannot be discharged completely and stagnating 
water in the passage caused a flooding to develop and 
progress. Thus, it was highly probable that no action 
so could be taken to prevent a sharp increase in the mass 
of hydrogen gas developed on the oxygen electrode 
side. 

[0020] In the polyelectrolytic fuel cell described 
above, it was necessary to prevent inflammation inside, 
55 jn other words to prevent oxidizing gas from mixing in 
the fuel gas passage and to prevent fuel gas from mixing 
in the oxidizing gas passage, or remove early gas thus 
mixed in to prevent inflammation. 
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[0021 ] Therefore, various inventions have been made 
so far for example to evacuate efficiently water and to 
prevent its stagnation in order to prevent hydrogen gas 
from developing and mixing in the oxidizing gas passag- 
es of a fuel cell (See, for example, Japanese Patent Ap- 
plication Laid Open No. 5-251097). However, no at- 
tempt has been made so far to prevent inflammation re- 
sulting from the generation and mixing in of gas in fuel 
cells. 

[0022] In addition, Japanese Patent Application Laid 
Open No. 4-167236 describes fuel cell equipment com- 
prising cell stacks, a reaction gas pipe line designed to 
supply and evacuate reaction gas thereto and there- 
from, a cell housing and an ambient gas system. In this 
invention, cell stacks are housed in a cell housing filled 
with ambient gas, a reaction gas pipe line is connected 
to these cell stacks and an ambient gas system is con- 
nected to said cell housing. In this fuel cell equipment, 
however, reaction gas (combustible component) having 
leaked from said cell stacks and mixed in ambient gas 
is removed by burning the same in the cell housing be- 
fore it is discharged with ambient gas. For this reason, 
the art described in this patent application laid open 
does not enable to remove for example fuel gas that has 
mixed in the oxidizing gas passage within a fuel cell. 

Summary of the Invention 

[0023] Object of this invention is to prevent any explo- 
sive combustion of fuel gas within a polyelectrolytic fuel 
cell. 

[0024] An advantage of this invention is to prevent any 
possible drop in the output voltage of polyelectrolytic fu- 
el cells due to flooding. 

[0025] A further advantage of this invention is to sup- 
press any increase in the concentration of fuel gas con- 
tained in oxidizing gas in a polyelectrolytic fuel cell in 
order to prevent any possible inflammation of said fuel 
gas, 

[0Q26] A further advantage of this invention is to sta- 
bilize the output voltage of polyelectrolytic ceils. 
[0027] The object is solved by the advantageous 
measures indicated in claim 1 . 
[0028] The polyelectrolytic cell of this invention is pro- 
vided with means to change the conditions of supplying 
oxidizing gas when at least any one of the following fac- 
tors has deviated from the tolerance: the output voltage 
and the internal resistance of a plurality of stacked cells 
or the humidity of oxidizing gas being discharged. Spe- 
cifically, when the output voltage has decreased, when 
the internal resistance has increased or when the hu- 
midity of discharge gas has increased, the flow rate of 
oxidizing gas is increased, or its pressure is increased 
or the humidity of oxidizing gas is reduced. As a result, 
the water contents in the ceil is removed preventing 
flooding and any drops in the output voltage resulting 
therefrom. Further, the generation of hydrogen gas is 
suppressed in the passages of oxidizing gas. 
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[0029] In addition, this invention uses a chamber lead- 
ing to the passages for oxidizing gas and an igniter de- 
signed to ignite the combustible gas contained therein 
to burn the same. When the concentration of fuel gas 
5 mixed in oxidizing gas has increased, therefore, the gas 
mixture can be collected in the chamber to burn there 
thus preventing any possible inflammation in the cell 
and any possible damages to the cell. 
[0030] Moreover, as the polyelectrolytic fuel cell of 
10 this invention is provided with a combustion catalysis 
positioned somewhere in the passage of oxidizing gas, 
fuel gas mixed in oxidizing gas is oxidized by the catal- 
ysis, and as a result the concentration of fuel gas in ox- 
idizing gas is kept at a low level. 
15 [0031] The above and further objects and novel fea- 
ture of this invention will more fully appear from the fol- 
lowing detailed description when the same is read in 
connection with the accompanying drawings. It is to be 
expressly understood, however, that the drawings are 
for purpose of illustration only are not intended as a def- 
inition of the limits of the invention. 

Brief Description of the Drawings 

[0032] Fig. 1 is a schematic drawing of an example of 
fuel cell according to this invention. 
[0033] Fig. 2 is a block diagram showing the general 
configuration of the system using this fuel cell. 
[0034] Fig, 3 is a chart showing a part of a flow chart 
describing a control routine executed in the system de- 
scribed above. 

[0035] Fig. 4 is a chart showing another part of the 
flow chart mentioned above. 

[0036] Fig. 5 is a diagram showing the voltage behav- 
ior of a fuel cell system operated consecutively by the 
control system mentioned above. 
[0037] Fig. 6 is a diagram showing the result of per- 
formance tests with variable current carried out to study 
the point of sharp increase of hydrogen gas generated 
as a result of flooding. 

[0038] Fig. 7 is a diagram showing the result of con- 
tinuous tests with fixed current carried out to study the 
point of sharp increase of hydrogen gas generated as a 
result of flooding. 

[0039] Fig. 8 is a top sectional view showing a part 
(unit cell) of fuel cell of another embodiment of this in- 
vention. 

[0040] Fig. 9 is a cross sectional view showing said 
fuel cell. 

[0041] Fig. 10 is a top sectional view showing a still 
another embodiment of this invention. 
[0042] Fig. 11 is a cross sectional view showing the 
fuel cell of Fig. 10. 

[0043] Fig. 1 2 is a drawing illustrating the mechanism 
of mixing of hydrogen gas in the oxygen electrode ofa 
conventional fuel cell. 

[0044] Fig. 1 3 is a cross sectional view of a conven- 
tional fuel cell illustrating the position of stagnation and 
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inflammation of hydrogen gas in the fuel cell. 
[0045] Fig. 14 is a flow chart showing the process 
starting with the generation to inflammation of hydrogen 
gas in a conventional fuel cell. 

Detailed Description of the Preferred Embodiment 

[0046] To begin with, the construction of the polyelec- 
trolytic fuel cell of this invention is described below. In 
Fig. 1 , the fuel cell stack 1 1 comprises a plurality of unit 
cells 11a standing upright and stacked horizontally. 
Each unit cell 11a comprises a poly electrolytic film 12 
with a fuel electrode formed on one side (on the left- 
hand side in Fig. 1 ) and an oxygen electrode formed on 
the other side and a carbon current collector 1 5 serving 
concurrently as a gas separator with fuel gas passages 
1 3 formed horizontally on one side and oxidizing gas 
passages 14 formed vertically on the other hand, a plu- 
rality of fuel gas passages 1 3 and oxidizing gas passag- 
es 14 being formed with a depth and width of approxi- 
mately 1mm at intervals of approximately 1mm. And a 
plurality of unit cells 1 1 a are stacked by sandwiching pol- 
yelectrolytic films 12 between these fuel gas passages 
13 and oxidizing gas passages 14. 
[0047] An end of the fuel gas passage 1 3 formed in a 
stack of unit cells 11a is connected with the supply man- 
ifold for fuel gas (not illustrated), and the other end is 
connected with the discharge manifold for fuel gas (not 
illustrated). The top end of the oxidizing gas passage 1 4 
of each unit cell 11a is connected with the supply man- 
ifold 1 6 for oxidizing gas and the bottom end is connect- 
ed with the discharge manifold 1 7 for oxidizing gas. And 
the whole system is constructed in such a way as to as- 
sure that oxygen gas contained in air supplied as oxi- 
dizing gas to the oxidizing gas passages 1 4 through the 
oxidizing gas manifold 16 and hydrogen gas supplied 
as fuel gas to the fuel gas passages 1 3 through the dis- 
charge manifold for fuel gas start an elecrochemical 
process of oxidizing reaction through the polyelectrolytic 
film 12. 

[0048] It should be noted that, for this polyelectrolytic 
film 12, a fluoric cation exchange film 130ujd thick on 
the surface of which electrodes are formed by hot press- 
ing is used. The electrodes are made of a basic material 
of carbon cloth (0.3 mm thick) on the surface of which 
a catalysis reaction layer and a gas dispersion layer are 
coated. These electrodes are hot pressed on the sur- 
face of the fluoric cation exchange film mentioned above 
under the conditions of 1 20°C x 980.7 x 1 0 4 Pa (Pascal). 
The catalysis reaction layer is made of a material ob- 
tained by mixing Pt 20% carrier carbon 0.4mg/cm 2 and 
a cation exchange resin in such a manner that the ratio 
of the carrier carbon may account for 50%, while the gas 
dispersion layer is made from a material based on car- 
bon comprising 50% tetrafluoroethylene treated with 
this tetrafluoroethylene for water repellent. 
[0049] The supply manifold 1 6 for oxidizing gas men- 
tioned above is formed on a slope of the ceiling rising in 



the center, and at the peak center a chamber 18 is 
formed. In other words hydrogen gas in the oxidizing gas 
passages is automatically collected in this chamber 1 8, 
and an igniter 19 designed to ignite hydrogen gas so 
5 collected is provided in the chamber 18. For this igniter 
19, a model that ignites hydrogen gas with spark dis- 
charge is adopted. 

[0050] In the fuel cell stack 11 constructed as men- 
tioned above, in order to keep the polyelectrolytic film 

10 12 of each unit cell 11a hydrated to saturation so that it 
may function as a proton conductive electrolyte with a 
relative resistance of 20£2-cm or less, water vapor is 
mixed respectively in hydrogen gas supplied through 
the fuel gas passages 13 and air supplied through the 

is oxidizing gas passages 14 to keep the polyelectrolytic 
film 1 2 moist. 

[0051] When air containing oxygen (02) is supplied in 
the oxidizing gas passages 14, on the fuel electrodes 
on the side of fuel gas passages 13, there occurs a re- 
20 action of 

H 2 = 2H + + 2e 

25 and on the oxygen electrodes on the side of oxidizing 
gas passages 14, there occurs a reaction of 

1/20 2 + 2H + + 2e = H 2 0 

[0052] In other words, on the side of fuel electrodes 
hydrogen gas (H 2 ) flowing through the fuel gas passag- 
es 1 3 is ionized into protons (H+) and electrons (e ). Ion- 
ized protons move through a polyelectrolytic film 12 
which is an ion exchange film towards the oxygen elec- 
trode, and electrons move from the carbon current col- 
lector 1 5 on the fuel electrode side to the carbon current 
collector 15 on the oxygen electrode side by passing 
through an external circuit (not illustrated). And on the 
oxygen electrode oxygen contained in air flowing 
through the oxidizing gas passage 14, protons having 
moved through the polyelectrolytic film 12 from the fuel 
electrode, and electrons having moved through external 
circuits react each other to form water (H 2 0). 
[0053] The general configuration of the fuel cell gen- 
eration system incorporating the fuel cell stack 11 men- 
tioned above is illustrated in Fig. 2 in the form of a block 
diagram. Between the output terminals 21 and 22 of the 
fuel cell stack 11 , a load L is connected through a relay 
contact 20, and at the same time a computer control de- 
vice 23 designed to control the operation of the fuel cell 
is connected in parallel with the load L mentioned above. 
This computer control device 23 monitors constantly the 
output voltage and current of the fuel cell stack 11. At 
the same time it connects an A.C. source between the 
two output terminals 21 and 22 mentioned above to add 
an A.C. voltage to the D.C. voltage outputted by the fuel 
cell stack 1 1 in order to detect the A.C. constituent i con- 
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tained in the current flowing in the unit cells and to find 
an A.C. resistance z from the formula z = e/i. 
[0054] In the fuel cell stack 11 , at the induction side 
end of its supply manifold 16 for oxidizing gas (at the 
left-hand end in Fig. 2), an end of an oxidizing gas supply 
pipe line 25 the other end of which is connected to an 
air supplier 27 is connected. At the induction side of the 
supply manifold for fuel gas (not illustrated), an end of 
the fuel gas supply pipe line 26 the other end of which 
is connected with a hydrogen gas supplier 28 is con- 
nected. On this oxidizing gas supply pipe line 25 and the 
fuel gas supply pipe line 26, from the side of the air sup- 
plier 27 and the hydrogen gas supplier 28 mentioned 
above, pressure regulating valves 29 and 29a, mass 
flow controllers 30 and 30a, humidifiers 31 and 31a, 
closing valves 32 and 32a and thermometers/hygrome- 
ters 33 and 33a are provided in the order. 
[0055] At the right-hand end of Fig. 2 showing the fuel 
cell stack 1 1 , a fuel gas discharge pipe line 34 connected 
with the discharge side of the discharge manifold for fuel 
gas not illustrated and a oxidizing gas discharge pipe 
line 35 connected with the discharge side of the dis- 
charge manifold 17 for oxidizing gas are provided. On 
these fuel gas discharge pipe line 34 and oxidizing gas 
discharge pipe line 35, thermometers/hygrometers 36 
and 36a, condensers 37 and 37a and pressure regulat- 
ing valves 38 and 38a are provided in the order indicated 
from the manifold side. And the temperature/humidity 
information of gases measured by the thermometers/' 
hygrometers 33 and 33a provided respectively on the 
oxidizing gas supply pipe line 25 and the fuel gas supply 
pipe line 26 and the thermometers/hygrometers 36 and 
36a respectively provided on the oxidizing gas dis- 
charge pipe line 34 and the fuel gas discharge pipe line 

35 at the respective positions are constantly inputted in 
the computer control device. 

[0056] And when the output voltage, current and the 
internal resistance of the fuel cell stack 1 1 and the infor- 
mation provided by the thermometers / hygrometers 33, 

36 altogether indicate the start of flooding on the fuel 
cell stack 11 , the computer control device 23 sends sig- 
nals to the humidifiers 31 and 31 a and other equipment 
on the oxidizing gas supply pipe line 25 and the fuel gas 
supply pipe line 26 and the pressure regulating valves 
38 and 38a and other equipment on the oxidizing gas 
discharge pipe line 34 and the fuel gas discharge pipe 
line 35 to control any drops in output voltage and any 
possible development of flooding. 

[0057] The following is a description of its control rou- 
tine. Figs. 3 and 4 are a flow chart illustrating an example 
thereof. These charts are two sections of a flow chart, 
divided for the convenience of drawing, and encircled 
figures show that the lines of the same figures are linked. 
[0058] After the initial settings, at Step 1 , the amount 
of air supply A is set such that the ratio of air to fuel gas 
(A/F ratio) will be 4, and at Step 2, the air pressure PA 
is set at 1 4.7 x 1 O^Pa. And at Step 3, the amount of hu- 
midification is set at a predetermined value. This is due 



to the use of air as the oxidizing gas requiring a com- 
pensation of a low partial pressure of oxygen in the air. 
[0059] After the fuel cell stack 11 is operated under 
the conditions given above and the output voltage VC 
5 of the unit cell 1 1 a are read at Step 4, the output voltage 
VC and minimum value Vmin of normal voltage are com- 
pared. If a result of this comparison is VC ^ Vmin, it is 
considered that oxygen is insufficient. Therefore, at 
Step 6 the amount of air supply is increased until the 
ratio of air to fuel gas reaches "8" (=A/F). Furthermore, 
at Step 7 the pressure of air supply PA is raised to 1 9.2 
x 10 Pa. And at Step 8 the amount of humidification is 
reduced (amount of humidification- A). Therefore, Step 
5 corresponds to the means of detection in this inven- 
ts tion, and Steps 6 to 8 correspond to the means of con- 
trolling the supply of oxidizing gas in this invention. 
[0060] And the fuel cell stack 1 1 is operated under 
these condition and at Step 9 the humidity of the dis- 
charge gas shown by the thermometer/hygrometer 36 
20 at the outlet of the discharge manifold for oxidizing gas 
is inserted. 

[0061] Then at Step 10, the current I and voltage V 
outputted from the fuel cell stack 1 1 are inserted, and at 
Step 1 1 the value of internal resistance ZIN, or [a.c. volt- 
es age e/a.c. current i] is sought. And at Step 12, the hu- 
midity of discharge gas M and its reference value MO 
are compared and the internal resistance ZIN and its 
reference value ZO are also compared. As a result of 
these comparisons, if the humidity of the discharge gas 

30 M is found to be equal to or less than the reference value 
M0 (M ^ M0), or if the internal resistance ZIN is equal 
or more than the reference value ZO (ZIN^ZO), it is 
judged that the percentage of moisture content of the 
polyelectrolyte 12 has decreased and that resistance 

35 has increased, and at Step 1 3 the amount of humidifi- 
cation is increased (amount of humidification+A). In oth- 
er words, the humidification reset control switch is 
turned on in order to avoid excessive dryness of the pol- 
yelectrolyte 12. Then comes Step 17. 

40 [0062] On the other hand, as a result of the compari- 
son of the output voltage VC and the minimum value 
Vmin of normal voltage at Step 5 described above, if the 
output voltage is greater (VC > Vmin), the amount of air 
supplied is considered sufficient, and at Step 14 the ratio 

45 of air-fuel gas is maintained at M 4", and at. Step 15 the 
pressure of air supply PA is maintained at 1 4.7 x 10 Pa. 
Then at Step 16 the amount of humidification is main- 
tained at the predetermined value and then one pro- 
ceeds to Step 1 7. 

so [0063] At Step 12 mentioned above, as the result of 
comparisons of the humidity of the discharge gas M and 
the internal resistance ZIN with their respective refer- 
ence values MO and ZO, if M > MO or ZIN > ZO, the 
amount of humidification is considered adequate, and 

55 then follows Step 1 7. 

[0064] And at Step 17, the computer control device 
23 sends signals to the mass flow controllers 30 and 
30a to control the amount of air supplied so that the latter 



6 



11 



EP0 911 899 A2 



12 



may be equal to a newly set value. Then at Step 18, 
signals are sent to the pressure regulating valves 29 and 
38a to control the pressure of air supply so that the latter 
may be equal to a newly set value. And at Step 1 9, sig- 
nals are sent to the humidifier 31 to regulate the ratio of s 
oxidizing gas having passed through the humidifier 31 
to that having passed through a bypass pipe 31 b so that 
the amount of humidification may be equal to a newly 
set value. 

[0065] And at Step 20, the output voltage VC and the 10 
limit of operation voltage V limit are compared, and if the 
output voltage is greater (VC > Vlimit), the whole system 
is considered as being operated adequately, and then 
returns to Step 4 where the control steps described 
above are repeated. 75 
[0066] On the other hand, as a result of comparison 
of the output voltage VC and the limit of operation volt- 
age Vlimit (approximately 0.12 volt) at Step 20 de- 
scribed above, if the output voltage VC is equal to or 
less than the limit of operation voltage Vlimit, an anom- 20 
aly is considered to have occurred. And at Step 21 , sig- 
nals are sent to the valve 32a provided on the hydrogen 
gas supply pipe line 26 to close the valve 32a and to 
stop the supply of fuel gas. And at Step 22 the relay coil 
20a is switched on to open the relay switch 20 cutting 25 
off the power to the load L. 

[0067] Now the computer control device 23 ignites the 
igniter 1 9 (Step 23) to generate a spark in the chamber 
18 of the supply manifold 16 for oxidizing gas burning 
hydrogen gas collected in this chamber 18. 30 
[0068] Therefore in the operation method shown by 
the control routine described above, a drop in the output 
voltage VC to a level below the reference voltage Vmin 
leads to changes in the amount of air supplied, pressure 
and humidity of air serving as the oxidizing gas prevent- 35 
ing any further drops in the output voltage. In other 
words, an increase in the amount of air supplied accel- 
erates the dispersion of oxygen on the surface of elec- 
trodes enhancing the reaction of oxygen with hydrogen 
and thus increasing the generating capacity of the fuel 40 
cell. An increase in moisture content carried away by air 
serves to reduce excessive moisture on the surface of 
electrodes, which accelerate the reaction of hydrogen 
with oxygen and therefore increase the generating ca- 
pacity of the cell. And a higher pressure of air raises the *5 
partial pressure of oxygen on the surface of electrodes 
accelerating likewise the dispersion of oxygen on the 
surface of electrodes, and the resulting increase in the 
reaction of oxygen with hydrogen increases the gener- 
ating capacity of the fuel cell. so 
[0069] In addition to these controls, a drop in the mois- 
ture content of oxidizing gas enables to reduce gradually 
any excessive humidity in the fuel cell which seems to 
be the cause of a drop in the output voltage. As a result, 
the output voltage immediately or gradually recovers 55 
and a sudden generation of hydrogen gas due to falling 
voltage can be prevented well in advance. 
[0070] Fig. 5 is a diagram showing the behavior of 



voltage when the fuel cell stack 11 is continuously op- 
erated to generate electricity at a current density of 
0.7 A/cm 2 by means of operation control of a pro- 
grammed computer control device 23. When the. output 
voltage V of unit cells 11a declines to somewhere near 
0.4V, the lower limit of normal voltage, due to the pres- 
ence of drops on the gas dispersion layer of oxygen 
electrodes, the mass of air supplied is increased from 
A/F = 4 to A/F = 8, and the pressure of air supply is raised 
from PA = 14.7 x 10 4 Pa to PA = 19.2 x IC^Pa, and the 
amount of humidification of air supplied is regulated to- 
wards dry side within a range consistent with the range 
of adequate values. This causes the mass of oxygen 
supplied to the oxygen electrodes to increase and caus- 
es the capacity to carry away moisture in the oxygen 
gas passage to improve. Thus any possible flooding is 
dissolved before the output voltage drops to the limit of 
operation voltage (0. 1 2V) and the output voltage recov- 
ers and remains within a range of normal voltage. Thus 
it will be understood that stable output voltage has been 
secured. 

[0071] The operation control method of this embodi- 
ment as described above detects any flooding at the in- 
itial stage of development and enables to take appropri- 
ate measures to dissolve such flooding. Therefore, it im- 
proves the stability of voltage during the operation of the 
fuel cell and enables to prevent any sudden increase of 
hydrogen gas and therefore enables to prevent the de- 
terioration of the performance of unit cells due to the 
heat and rising pressure resulting from the intense com- 
bustion of hydrogen gas in the fuel cell. 
[0072] It should be noted here that the minimum nor- 
mal voltage Vmin of 0.4V and the limit of operation volt- 
age Vlimit of approximately 0.12V were set for {he fol- 
lowing reasons. When water formed or condensed in the 
oxidizing gas passage 14 increases and attaches to the 
gas dispersion layer of the oxygen electrodes, the sup- 
ply of oxygen to the oxygen electrodes is impeded and 
so-called flooding occurs. In case of a light flooding, the 
effect will be limited to decreased supply of oxygen to 
the oxygen electrodes and some decreased in the out- 
put voltage. When flooding becomes more serious, 
however, the gas dispersion layer is completely covered 
with water and th e reaction catalysis layer of the oxygen 
electrodes is almost completely cut off from the supply 
of oxygen. Therefore, protons having moved to the ox- 
ygen electrodes recombine with electrons to form hy- 
drogen gas. It was found that the amount of hydrogen 
gas thus formed suddenly increases when the state of 
flooding progressed to a certain stage and when output 
voltage has decreased. 

[0073] In order to identify the state of flooding in which 
the mass of hydrogen gas formed suddenly increases 
by the output voltage of unit cells, variable current per- 
formance tests and fixed current continuous tests of unit 
cells were conducted. As a result, it was found that, as 
shown in Figs. 6 and 7, when the state of flooding has 
progressed and the voltage of weakened unit cells has 
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decreased to equal to or less than 0. 1 2V, hydrogen gas 
increases sharply to reach an inflammable ratio of mix- 
ture and ignites upon coming in contact with the reaction 
catalysis layer of electrodes. For this reason, in the em- 
bodiment described above, the limit of operation voltage 
for the output voltage of unit cells was set at 0.12V. 
[0074] On the other hand, regarding falls in output 
voltage constituting the cause of floodings, when output 
voltage begins to fall to a certain extent as operation 
continues, output voltage tends to fall sharply thereafter. 
Therefore, any control to avoid reaching the limit of op- 
eration voltage mentioned above must be executed at 
a time when such a sharp fall in the voltage does not 
occur. Experiments show that the limit value for such a 
sharp fall in the voltage is approximately 0.4V for the 
output voltage of unit cells. As shown in Fig. 7, it is pos- 
sible to recover voltage and prevent in advance the sud- 
den generation of hydrogen gas resulting from falls in 
the voltage by controlling oxidizing gas based on this 
limit voltage as mentioned above. 
[0075] It should be noted that, in the embodiment de- 
scribed above, a condition for starting the control pro- 
cedure for increasing the supply of oxidizing gas; for in- 
creasing the pressure thereof or for reducing humidity 
thereof was the fall of the output voltage VC to equal to 
or less than the previously set minimum value of voltage 
Vmin. This is due to the fact that the output voltage VC 
reflects the state of flooding. However, there are other 
parameters that reflect the state of flooding. For exam- 
ple, increasing internal resistance and rising humidity of 
discharge gas of oxidizing gas are used as parameters 
for identifying the state of flooding. Therefore, in this in- 
vention, instead of falls in output voltage of unit cells, 
these increases in internal resistance and humidity of 
discharge gas may be adopted as the basis of control- 
ling the flow rate or pressure of oxidizing gas. 
[0076] In contrast with the embodiment described 
above in which the flow rate, pressure and humidity of 
oxidizing gas are controlled altogether, in this invention, 
flow rate or pressure may be separately controlled or 
either one of these and humidity may be controlled to- 
gether. 

[0077] In order to prevent explosive combustion of hy- 
drogen gas in the oxidizing gas passage, it is preferable, 
in addition the means described above, to oxidize and 
remove a low concentration of hydrogen gas in the ox- 
idizing gas passage and contain any increase of its con- 
centration. An example is indicated below. 
[0078] In Figs. 8 and 9, the fuel cell 40 comprises a 
plurality of unit cells 41 respectively standing vertically 
and stacked horizontally, each unit cell 41 comprising a 
polyelectrolytic film 42 on one side of which (on the up- 
per side in Fig. 8) an anode (fuel electrode) 45 compris- 
ing a catalysis reaction layer 43 and a gas dispersion 
layer 44 on its outside are formed, and on the outside 
of this anode 45 a carbon current collector 46 serving 
concurrently as a gas separator made of a gasproof 
plate is provided in close contact. And on the surface in 



close contact with the anode 45 of the carbon current 
collector 46, a plurality of passages for fuel gas 47 in 
which hydrogen gas (H 2 ) serving as fuel gas flows are 
formed with a depth of Imm, width of Imm and at intervals 
5 of Imm. 

[0079] On the other side of the polyelectrolytic film 42 
mentioned above (lower side in Fig. 8), a cathode (ox- 
ygen electrode) 50 comprising a catalysis reaction layer 
48 and a gas dispersion layer 49 on its outside is formed. 

10 On the outside of this cathode 50, a carbon current col- 
lector 46 serving concurrently as a gas separator and 
formed in the form of a plate is provided in close contact. 
And on the surface in close contact with the cathode 50 
of the carbon current collector 46, a plurality of oxidizing 

15 gas passages 52 in which air serving as oxidizing gas 
flows in a direction orthogonal to the direction of forma- 
tion of the fuel gas passages 47 mentioned above are 
formed to constitute a unit cell 41 . 
[0080] And this unit cell 41 is stacked horizontally in 

20 a plurality of layers so that the oxidizing gas passages 
52 mentioned above may be vertical, and the top end of 
the oxidizing gas passage 52 in each stacked unit cell 
41 is each connected with the oxidizing gas supply side 
manifold 53 while the bottom end of each oxidizing gas 

25 passage 52 is each connected with the discharge side 
manifold 54. And the upstream side and the down- 
stream side of each fuel gas passage 47 are, although 
not illustrated, connected with the supply side manifold 
and the discharge side manifold of fuel gas. 

30 [0081] It should be noted further that the polyelectro- 
lytic film 42 described above is formed in a similar way 
to the polyelectrolytic film 42 of the embodiment illus- 
trated in Figs. 1 and 2. 

[0082] And the inside wall of each oxidizing gas pas- 

35 sage 52 formed in the carbon current collector 46 are 
coated or impregnated with Pt catalysis carrier liquid (for 
example, dinitrodiamine platinum, hexaammine plati- 
num chloride, platinic chloride acid six hydrates) for car- 
rier treatment to form a combustion catalysis layer 55. 

40 [0083] The working of the fuel cell 40 mentioned 
above is described below. The fuel gas passage 47 on 
the anode 45 side is supplied with hydrogen gas (H 2 ). 
And the polyelectrolytic film 42 is hydrated to saturation 
to serve as a proton conductive electrolyte with relative 

45 resistance equal to or less than 20n • cm at normal tem- 
perature, and for this purpose hydrogen gas supplied 
through the fuel gas passage 47 and air supplied 
through the oxidizing gas passage 52 are mixed with 
vapor to keep the polyelectrolyte 42 moist. 

50 [0084] And when the oxidizing gas passage 52 on the 
cathode 50 side is supplied with air containing oxygen 
(0 2 ), on the anode 45 side, there occurs a reaction of 



55 



H 2 = 2H + + 2e 



and on the cathode 50 side, there occurs a reaction of 
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1/20 2 + 2H + +2e = H 2 0 

[0085] In other words, on the anode 45, hydrogen gas 
(H 2 ) flowing through the fuel gas passage 47 forms pro- 
tons (2H+) and electrons (2e). Protons move through the 
polyelectrolytic film 42 which is an ion exchange film to- 
wards the cathode 50, and electrons move from the car- 
bon current collector 46 on the anode 45 side through 
an external circuit (not shown) to the carbon current col- 
lector 46 on the cathode 50 side. 
[0086] And on the cathode 50, oxygen contained in 
air flowing through the oxidizing gas passage 52, pro- 
tons having moved through the polyelectrolytic film 42 
from the anode 45 and electrons having moved through 
an external circuit react among themselves to form wa- 
ter (H 2 0). 

[0087] Then, in order to study the effect of the forma- 
tion of a combustion catalysis layer 55 inside this oxi- 
dizing gas passage 52, oxidizing gas (air, 0 2 ) in which 
1% of hydrogen gas (H 2 ) was mixed was supplied from 
the supply side manifold 53, and the concentration of H 2 
contained in the discharge gas recovered near the outlet 
of the discharge side manifold 54 was measured with a 
gaschromatograph. As a result, it was confirmed that the 
concentration can be reduced to less than 100 ppm 
(0.01%). 

[0088] Therefore, in a fuel cell 40 shown in Figs. 8 and 
9, even if hydrogen gas has mixed in the oxidizing gas 
passage 52 due to a discharge problem of water during 
operation, it is oxidized upon coming in contact with the 
combustion catalysis layer 55 formed inside the oxidiz- 
ing gas passage 52 enabling to keep constantly the con- 
centration of H 2 below the explosion lower limit of 4%. 
Thus, it is possible to eliminate adverse effects of com- 
bustion to the fuel cell 40 by burning mildly at the normal 
pressure while the concentration of H 2 is low. 
[0089] It should be noted in this connection that, in the 
embodiment previously described, the case of forming 
a combustion catalysis layer 55 inside the oxidizing gas 
passage 52 was described. However, the formation of 
a combustion catalysis layer 55 within the supply side 
manifold 53 and the discharge side manifold 54 con- 
nected with this oxidizying gas passage 52 produces a 
similar effect. 

[0090] Fig. 10 illustrates another embodiment in 
which a fuel catalysis layer is provided. In the embodi- 
ment described above, a combustion catalysis layer 
was formed inside the oxidizing gas passage. In this em- 
bodiment, however, a combustion catalysis layer is 
formed on the surface of the cathode facing the oxidizing 
gas passage. It should be further noted that the compo- 
nents identical to those used in the embodiment de- 
scribed above are marked with identical reference nu- 
merals and detailed descriptions thereon are omitted. 
[0091] In Fig. 1 0, unit cells 61 forming part of the fuel 
cell has an anode 45 comprising a catalysis reaction lay- 
er 43 and a gas dispersion layer 44 on one side (upper 



side in Fig. 10) of its polyelectrolytic film 42, and on the 
outside of this anode 45 a carbon current collector 46 is 
provided in close contact thereto. Furthermore, on the 
side of this carbon current collector 46 facing the. anode 
s 45, fuel gas passages are provided. On the other side 
of the previously described polyelectrolytic film 42, a 
cathode 50 is formed comprising a catalysis reaction 
layer 48 and a gas dispersion layer 49. On the outer sur- 
face of this cathode 50, a combustion catalysis layer 77 
10 is provided. Further, on the outside of this cathode 50, 
a carbon current collector 46 is provided and on the side 
of this carbon current collector 46 facing the cathode 50, 
oxidizing gas passages 52 are formed. 
[0092] And, the combustion catalysis layer previously 
15 described 77 is formed by coating a water repellent 
agent containing tetrafluoroethylene on the surface of 
carbon carrying H 3 Pt(S0 3 ) 2 OHsol made from hexahy- 
droxine platinic acid by the carbon black colloid disper- 
sion method (Plototech method). 
[0093] And, the horizontal stacking of unit cells 61 
formed as described above in such a way that the oxi- 
dizing gas passages 52 may be formed vertically as they 
were in the embodiment previously described and the 
connection of manifolds to each of gas passages to form 
the fuel cell and the operation of the same as it was in 
the embodiment previously described provide the re- 
quired generating capacity. 

[0094] Now, in order to test the effectiveness of pre- 
venting ignition of this embodiment, fuel gas and oxidiz- 
ing gas of Hg/air (theoretical ratio x 2) both fully humid- 
ified by means of a bubbler were introduced into the fuel 
cell formed by stacking unit cells 61 previously de- 
scribed to keep it in a high current density area (0.7A/ 
cm 2 ) in which a large amount of water is formed and in 
this condition the fuel cell was operated. As a result, 
within several tens of minutes of continuous operation, 
the catalysis reaction layer 48 was flooded, and the re- 
action did not progress satisfactory. Therefore, voltage 
dropped momentarily and H 2 developed in the oxidizing 
gas passage 52. However, upon coming in contact with 
the combustion catalysis layer 77 formed facing the ox- 
idizing gas passage 52, H 2 instantly oxidizes. Thus it 
was confirmed that the mixing of a large amount of H 2 
in oxidizing gas can be prevented. 
[0095] Therefore, according to this embodiment, even 
if hydrogen gas mixes and stagnates in the oxidizing gas 
passage 52 of the fuel cell, upon coming in contact with 
the combustion catalysis layer 77 formed on the surface 
of the cathode 50 hydrogen gas burns so that the con- 
centration of H 2 may be constantly maintained equal to 
or less than 4%, the lowest explosion limit. Therefore, 
the mild combustion at normal pressure while the con- 
centration of H 2 is low can remove any adverse effects 
of combustion to the fuel cell. It should be noted that, in 
the case of this embodiment, no cation exchange resin 
added to the catalysis reaction layer 48 of the cathode 
50 need not be added because no proton conductivity 
is required. 
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[0096] And although in the embodiment previously 
described the case of forming the combustion catalysis 
layers 57 and 77 either inside the oxidizing gas passage 

52 or on the surface of the cathode 50 facing this oxi- 
dizing gas passage 52 was described, it is possible to 
form the same both inside the passage and on the sur- 
face of the cathode 50. 

[0097] Fig. 1 1 shows another embodiment of fuel cell 
related to this invention. In the two embodiments previ- 
ously described, the combustion catalysis layer was 
formed by coating or impregnating the inside of the ox- 
idizing gas passage or on the surface of the cathode, 
while in this embodiment pellets carrying combustion 
catalyses are provided in the oxidizing gas passages. It 
should be noted further that the components identical to 
those used in the embodiment mentioned above are 
marked with identical reference numerals and any de- 
tailed descriptions thereon are omitted. 
[0098] A plurality of unit cells 81 forming part of the 
fuel cell 80 have anodes (not shown) comprising a pol- 
yelectrolytic film 42 with a catalysis reaction layer and a 
gas dispersion layer on one side thereof. On the outside 
of this anode a carbon current collector 46 is provided 
in close contact and on the surface of this carbon current 
collector 46 facing the anode mentioned above fuel gas 
passages 47 are formed. Furthermore, on the other side 
of the polyelectrolytic film 42 mentioned above, a cath- 
ode (not shown) comprising a catalysis reaction layer 
and a gas dispersion layer is provide. On the other side 
of this cathode, acarbon current collector 46 is provided, 
and on the surface of this carbon current collector 46 
facing the cathode 50 oxidizing gas passages 52 are 
formed. 

[0099] The unit cells 81 formed as described above 
are stacked horizontally in such a way that their oxidiz- 
ing gas passages 52 may be vertical, and the upstream 
side of the oxidizing gas passages (the top side in Fig. 
11) is connected to the oxidizing gas supply side mani- 
fold 53 and the downstream side (the bottom side in Fig. 
11) is connected to the oxidizing gas supply side mani- 
fold 53. And the upstream and downstream sides of the 
fuel gas passages 47 mentioned above and not shown 
are respectively connected with the supply side mani- 
fold and the discharge side manifold. And in the supply 
manifold 53 for oxidizing gas provide at the top of the 
fuel cell 80, catalysis carrier pellets 87 (dimension: sev- 
eral mm square or less) made on the basis of a porous 
carrier (alumina, carbon, etc.) containing platinum or 
other catalyses are scattered in the supply side manifold 

53 in such a way that they do not impede the flow of 
oxidizing gas. 

[01 00] And the fuel cells 80 constructed as described 
above, supplied with hydrogen gas in the fuel gas pas- 
sages 47 and with air in the oxidizing gas passages 52 
and operated as in the case of the embodiment de- 
scribed above, produces the required power generating 
capacity. 

[0101] Now, in order to test the effectiveness of pre- 



venting ignition of th is embodiment, like the embodiment 
mentioned above, fuel gas and oxidizing gas of H^air 
(theoretical ratio x 2) both fully humidified by means of 
a bubbler were introduced into the fuel cell described 
5 above to keep it in a high current density area (0.7A/ 
cm 2 ) in which a large amount of water is formed and in 
this condition the fuel cell was operated. As a result, 
within several tens of minutes of continuous operation, 
the catalysis reaction layer 48 was flooded, and the re- 
10 action did not progress satisfactory. Therefore, voltage 
dropped momentarily and H 2 developed in the oxidizing 
gas passage 52. However, H 2 moves upward in the ox- 
idizing gas passages 52 and gathers in the supply side 
manifold 53, and upon coming in contact with the corn- 
's bustion catalysis layer 77 formed facing the oxidizing 
gas passage 52, H 2 instantly oxidizes. Thus it was con- 
firmed that the mixing of a large amount of H 2 in oxidiz- 
ing gas can be prevented. 

[0102] Therefore, according to this embodiment, even 
if hydrogen gas mixes and stagnates in oxidizing gas 
contained in the supply side manifold 53 of the fuel cell 
80, upon coming in contact with the catalysis carrying 
pellets 87 hydrogen gas burns so that the concentration 
of H 2 may be constantly maintained equal to or less than 
4%, the lowest explosion limit. Therefore, the mild com- 
bustion at normal pressure while the concentration of 
H 2 is low enables to remove any adverse effects of com- 
bustion to the fuel cell. 

[0103] And while, in the fuel cell 80 of this embodi- 
ment, the case of scattering catalysis carrying pellets 87 
in the supply side manifold 53 is described, the mounting 
of these catalysis carrying pellets 87 in the discharge 
side manifold 54 or in the oxidizing gas passages 52 in 
such a way that would not obstruct the flow of gas can 
produce similar effects. 

[0104] Furthermore, while in each embodiment de- 
scribed above, the removal of hydrogen gas formed by 
its recombination with protons and electrons in the oxi- 
dizing gas passages and mixed in oxidizing gas is de- 
scribed, hydrogen gas having penetrated in.the oxidiz- 
ing gas pipe line due to defective seals or oxidizing gas 
having penetrated in the fuel gas pipe line can be re- 
moved by mounting combustion catalyses at positions 
where they can come in contact with gas in the fuel cell. 
Therefore, not only when hydrogen gas has generated 
due to anomalies during the operation of the fuel cell, 
but also during shut-down (when gas is not flowing) 
when hydrogen gas has infiltrated a thin electrolytic film 
to mix in oxygen gas, this combustion catalysis can re- 
move effectively hydrogen gas and prevent ignition with- 
in the fuel cell at the time of the following start-up. 
[01 05] The advantages obtained by this invention can 
be summarized as follows: 

[0106] According to the operation control method of 
polyelectrolytic cells of this invention, in view of the fact 
that falls in output voltage due to flooding and other phe- 
nomena result in increased supply or pressure of oxi- 
dizing gas, it is possible to accelerate the supply of ox- 
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ygen to the surface of electrodes to prevent any possible 
falls in output voltage and as a result it is possible to 
prevent in advance sudden generation of fuel gas re- 
sulting from a sharp fall in output voltage. When the sup- 
ply of oxidizing gas is increased sharply, the evaporation s 
and discharge of excessive moisture on the surface of 
electrodes causing floodings can be accelerated and 
thus flooding can be dissolved at an early stage. Such 
effects will be more conspicuous when the humidity of 
oxidizing gas is reduced. 10 
[0107] According to this invention, furthermore, when 
fuel gas has started to spring up suddenly, the gas is 
caught in a chamber and ignited by means of a igniter. 
In this way, the combustion of fuel gas in the fuel cell 
and any resulting damages to the cell can be prevented, is 
[0108] In addition, the fuel cell of this invention is char- 
acterized in that hydrogen gas having mixed in oxidizing 
gas, upon coming in contact with the combustion catal- 
ysis layer formed in the reaction gas passage, is burnt 
mildly at an early stage. Thus, any increases in the con- 20 
centration of hydrogen gas are limited and inflammation 
in the fuel cell can be prevented and stable output can 
be obtained. 

[0109] And upon coming in contact with the combus- 
tion catalysis layer formed on the cathode facing the re- 2s 
action gas passage, hydrogen gas having mixed in 
burns mildly at an early stage, restricting any increase 
in the concentration of hydrogen gas having mixed in 
oxidizing gas. Thus, it is possible to prevent inflamma- 
tion within the fuel cell and obtain a stable output. 30 
[0110] Moreover, combustion catalyses mounted in 
either one of the reaction gas supply side manifold and 
the reaction gas discharge side manifold connected with 
the reaction gas passages enable to burn mildly and at 
an early stage hydrogen gas stagnating in the manifold 35 
and restrict any increases in the concentration of hydro- 
gen gas having mixed. Thus, it is possible to prevent 
inflammation within the fuel cell and to obtain a stable 
output. 



Claims 

1 . A polyelectrolytic fuel cell wherein a reaction catal- 
ysis layer and a gas dispersion layer are stacked 45 
successively on both sides of a polyelectrolytic film, 
a plurality of unit cells which has an oxidizing gas 
passage and a fuel gas passage formed on both 
sides of this polyelectrolytic film are stacked, said 
oxidizing gas passage being connected with a sup- so 
ply manifold for oxidizing gas and a discharge man- 
ifold for oxidizing gas and said fuel gas passage be- 
ing connected with a supply manifold for fuel gas 
and a discharge manifold for fuel gas, comprising a 
combustion catalysis provided at least in one of an ss 
inner surface of the oxidizing gas passage, a sur- 
face of said gas dispersion layer along the oxidizing 
gas passage, an inside of said supply manifold for 



the oxidizing gas and an inside of said discharge 
manifold for the oxidizing gas. 10. 

2. A polyelectrolytic fuel cell according to Claim 1, 
wherein said combustion catalysis includes a catal- 
ysis layer formed on one of an inside of said oxidiz- 
ing gas passage and the surface of said gas disper- 
sion layer along the oxidizing gas passage. 

3. A polyelectrolytic fuel cell according to Claim 2, 
wherein said catalysis layer includes a layer made 
of a fine particle carrying a catalysis and a water 
repellent agent in a surface. 

4. A polyelectrolytic fuel cell according to Claim 3, 
wherein said fine particle includes carbon particles. 

5. A polyelectrolytic fuel cell according to Claim 1, 
wherein said combustion catalysis includes pellet 
carrying catalysis on a surface of a porous carrier, 
the pellet being placed at least in one of the inside 
of the supply manifold for oxidizing gas and the in- 
side the discharge manifold for oxidizing gas. 

6. A polyelectrolytic fuel cell according to Claim 5, 
wherein said pellet includes pellet made of one of 
alumina and carbon. 
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